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Overview

This document aims to summarize the different components used in the manufacturing of the two Outer Thermal Enclosures (OTE’s) made at Valencia. It is not only a list of components but also the quantity of each one used.

Every single component was weighted prior to be used and its value recorded.

· Introduction

Two Outer Thermal Enclosures were manufactured at IFIC in Valencia.

All the assembly tooling was designed and manufactured at Valencia having as starting point the test work done at RAL on smaller prototypes.


RAL did supply us with all the material used. The OTE is made of different layers of material glued together.

· Brief description


The OTE is a continuous cylinder constructed from 8mm thickness Airex® foam approximately 1.9m long and 1.2 m diameter, laminated on the outside with 43 μm Cu-Kapton foil and on the inside with 25 μm Aluminised kapton foil.


There is an external flange at the rear end of the cylinder made from 5mm thickness Airex® core with CF reinforcement strips on a ring circumference at the outermost diameter at both sides and everything covered on the side facing the main cylinder with Cu-kapton foil and with Al-kapton on the other side.


At the front end of the cylinder there is an internal CF flange.

When manufacturing an OTE, there are two major processes:

a) Subassembly of the main cylinder.

b) Subassembly of the Rear Flange.

Once finished they are assembled together and the Front Flange is added.

· List of components

1. Airex® R82.80 foam sheet 8 mm: is a close cell, linear thermoplastic foam based on polyetherimide (PEI) with a thermal conductivity of 0.037 W/mK and a density of 80 kg/m3.

It is delivered in sheets of  2800*1350* 8 mm.

2. Airex® R82.80 foam sheet 5 mm: Dimensions: 1200*2700*5 mm

3. KAPTON® film 0.025mm thickness – aluminised on one surface only. Aluminium x kapton 1.0 mil, 48” wide.



Its delivered in a 35 m roll packaging.

4. Cu-Kapton film 0.043 mm thickness 1220 mm wide. (0.018 mm Cu + 0.025 mm Kapton).



Its delivered in a 75 m roll packaging.

5. CFRP segments. Rear Flange reinforcement strips and Front Flange fixed and removable segments.



They are delivered already cut to shape.

6. Araldite 2011. Epoxy adhesive – (AW106/HV953U, 100/80pbw)

7. Colouring additive: Araldite DW 0137-1-BLACK

· Bill of materials


The material used at both Outer Thermal Enclosures is the same apart from the quantity of glue used, as the Airex on the second OTE was more porous that the one used on the first OTE so more glue was kept within the material.
1. Airex 8mm. 


This is the main component from which the OTE cylinder is made of.


The length of the material corresponds to the perimeter of the cylinder and its width is the length of the cylinder.

	
	Length (m)
	width (m)
	Area (m2)
	Weight (g)
	g/m2

	Airex 8mm
	3,81
	1,92
	7,33
	4691
	640



The density value from manufacturer is 80 Kg/m2 and as the thickness is 8 mm we can obtain the typical weight value as: 640 g/m2.
2. Airex 5mm.


Four 90º circle sectors are produced and later on assembled to obtain the flange.


Having the same density value as previous and with 5 mm thickness the typical weight value is: 400 g/m2.
	  
	Arc Length (º)
	Arc width (m)
	Area (m2)
	Weight (g)
	g/m2

	AIREX 5mm
	360º
	0.143
	0,61
	244
	400


3. Copper Kapton


This is the external skin of the Outer Thermal Enclosure. It wraps around not only the main cylinder but also the rear flange side facing the cylinder; it’s cut into finger-like extensions at both ends and folded over the outward facing surface of the flange. These tabs are 20 mm length on the cylinder side and 10 mm over the edge of the flange itself.


The technical data from supplier is:


Density

1.42 g/m3 


Typical weight
35.5 g/ m2 
	
	Area on the cylinder (m2)
	Area on the Rear Flange (m2)
	Total Area (m2)
	Total Weight (g)
	g/m2

	Cu-kapton
	7,33
	0,67
	8
	284
	35.5


4. Aluminised-Kapton


This is the internal skin of the Outer Thermal Enclosure. It is glued over the inner diameter of the OTE and also to the rear flange side facing away the main cylinder.


It has a typical weight (g/m2 ) according to manufacturer of 36 g/m2 .

	
	Area on the cylinder (m2)
	Area on the Rear Flange (m2)
	Total Area (m2)
	Total Weight (g)
	g/m2

	Al-kapton
	7,24
	0,64
	7,88
	283.68
	36


5. Carbon Fibre Sectors


Already cut to shape, it is used on both flanges.


At both sides of the Rear Flange, four 90º sectors of carbon fibre strips 30 mm width and 0.5 mm thick are glued.


The Front Flange is made from two CF rings, a fixed one divided into two pieces and glued to the inner diameter of the OTE and the second one, removable and divided into four pieces with different arc length.
	
	Area on the Rear Flange (m2)
	Area on the Front Flange (m2)
	Total Area (m2)

	CFRP
	0.277
	0,108
	0,385



Note: Only the fixed ring of the FF  is taken into account. 

6. ULTEM inserts 

	 
	Nº of inserts
	g/insert
	Total Weight (g)

	ULTEM
	32
	0,522
	16.704



32 inserts are used on each OTE at the rear flange area with its holes aligned with the CF ones.

7. Araldite 2011 adhesive.


This is the glue used to connect the different components to assemble the OTE. The density of this glue is app 1gr/cc.

The amount of glue used was slightly different between OTE’s as explained above.
In order to get a better picture the total amount used is listed as follows:

a) OTE cylinder:


The 8 mm Airex was glued to the Cu-k and also to the Al-k. Also the front edge of the cylinder has been sealed to prevent moisture going into the Airex.
	Glue used
	OTE 1
	OTE 2

	components
	Area (m2)
	glue (g)
	g /m2
	glue (g)
	g /m2

	Cu-k to Airex
	7,33
	1000
	136.425
	1491
	203.41

	Al-k  to Airex
	7,24
	935
	129.14
	1473
	203.45

	Sealing of front side Airex edge 
	0,03029
	4
	132.057
	4
	132.057


b) Rear Flange: 

The glue used to assemble the Rear Flange has been divided into three areas identified with different colours on the image.

· Blue area: The different components of the RF are glue together: So Cu-k to Airex, Al-k to Airex and also the Carbon Fibres.

· Red area: the 20 mm Cu-k tabs of the RF and the RF itself are glued to the cylinder
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Green area: The Al-k tabs of the RF are glue to the bevel edge of the Airex.

Figura 1. Gluing of components for the Rear Flange
	Glue used
	OTE 1
	OTE 2

	components
	Area (m2)
	glue (g)
	g /m2
	glue (g)
	g /m2

	Blue area
	1,5
	152
	101.3
	224
	149.33

	Red area
	0,091
	9
	98.9
	10.4
	114.29

	Green area
	0.03
	5.2
	173.3
	6
	200


c) Front Flange fixed segment to inner diameter of the cylinder

	Glue used
	OTE 1
	OTE 2

	components
	Area (m2)
	glue (g)
	g /m2
	glue (g)
	g /m2

	CF fixed segment
	0.079
	4
	50.63
	4.7
	59.49


Finally , the next figure shows a cut of ½  of the OTE with indications of different component and glue distribution.
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Figura 2 . Half  section of the OTE
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